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Method of regulating a water level of a dam installation 
having a plurality of turbine generator units arranged to 
generate electrical power, wherein at least some of the 
plurality of turbine generator units are arranged at least one 
of one above another and one beside another so as to form 
at least one turbine generator module. The method includes 
regulating, at least to Some extent, the water level to a 
predefinable set point by starting or stopping at least one of 
the plurality of turbine generator units and adjusting, in 
discrete steps, a quantity of water which can flow through 
the dam installation, wherein a discrete step is defined by a 
quantity of water which can flow through a defined number 
of turbine generator units. 
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1. 

METHOD FOR REGULATING THE LEVEL 
OF ADAM INSTALLATION AND DAM 
INSTALLATION MIPLEMENTING THE 

METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The instant application is a continuation of International 
Application No. PCT/EP02/13278 filed on Nov. 26, 2002 
and published as International Publication WO 03/054387 
on Jul. 3, 2003, the disclosure of which is hereby expressly 
incorporated by reference hereto in its entirety. The instant 
application also claims priority under 35 U.S.C. S 119 of 
Austrian Application No. A 2001/2001 filed on Dec. 20. 
2001. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates to a method for regulating the level 

of a dam installation, preferably a dam or a weir. A number 
of turbine generator units, preferably with outputs between 
100 kW and 1000 kW each, are arranged in the dam 
installation to generate electrical power. At least some units 
are arranged above one another and/or beside one another 
and are connected to one another to form one or more 
turbine generator modules. 

The invention also relates to a plant for regulating the 
level of a dam installation having a plurality of turbine 
generator units which are arranged above one another and/or 
beside one another, and which are connected to one another 
to form one or more turbine generator modules. If appro 
priate, a predetermined number of turbine generator mod 
ules are arranged beside one another and Supported on the 
dam installation. 

2. Description of the Prior Art 
Equipment for generating electrical power, in which a 

number of relatively small turbine generator units are 
arranged in rows and columns beside one another and above 
one another in a frame or a stiffened construction are 
disclosed, for example, in documents WO98/11343 and U.S. 
Pat. No. 4,804.855. Because of their particularly short 
design and large inflow area, Such equipment is preferably 
used on dam installations such as sluices, weirs, dams or the 
like, in order to use the quantity of water flowing through 
and normally unused in order to produce electrical power. In 
such dam installations, however, the water level must be 
regulated in order to fulfill the function of the dam instal 
lation. This is required depending on the application. For 
example, ship traffic on a river requires a specific water 
level, or an irrigation dam must have a minimum water level 
in order to be able to ensure the irrigation. For this purpose, 
weir systems have hitherto been wholly or partially opened. 

SUMMARY OF THE INVENTION 

The invention provides for a method for regulating the 
level of a dam installation which utilizes the existing pos 
sibilities and constructional conditions to the greatest pos 
sible extent. The invention also ensures the function of the 
dam installation and permits simple and accurate regulation. 

According to the invention, the level is regulated to a 
predefinable set point, at least to Some extent, by starting or 
stopping individual or several turbine generator units or 
turbine generator modules. 
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2 
These turbine generator units or turbine generator mod 

ules have an accurately known flow. As a result, the quantity 
flowing away can be determined accurately. The quantity 
flowing away and, consequently, also the level of the dam 
installation can therefore be regulated very simply and 
accurately in small discrete steps by way of the individual 
turbine units. It is therefore no longer necessary, in excep 
tional situations, to open or to close the weir systems, which 
are generally very large, heavy and difficult to regulate. 

With Such an arrangement, the regulation becomes more 
flexible, because it is possible to perform the regulation in 
Small steps. This permits a quick reaction to changing 
conditions on the dam installation. Furthermore, as a result, 
the level can be optimized very simply with regard to 
specific criteria. 
The turbine generator units or turbine generator modules 

used to regulate the level can be designed very simply, in 
constructional terms, if these units or modules are operated 
with a substantially constant flow or with a constant output. 
This is possible because no equipment for regulating the 
flow or the output has to be provided. The units or turbines 
therefore have only two operating points, namely in opera 
tion or out of operation, which also simplifies the regulation 
considerably. 

If the level is regulated, at least to some extent, by 
opening or closing at least one weir system, in certain 
situations, the quantity flowing away can be increased 
quickly. This is primarily expedient as a safety measure in 
situations where the flow through the turbine units is no 
longer Sufficient to discharge the inflowing quantities of 
water again, or where the outflow from the dam installation 
has to be reduced very quickly. 

It is particularly advantageous to predefine an upper 
turbine switching level or alarm level at which, when it is 
reached, turbine generator units or turbine generator mod 
ules are started and/or weir systems are opened. It is likewise 
advantageous, when a predefined lower turbine Switching 
level or alarm level is reached, to stop turbine generator 
units or turbine generator modules and/or to close weir 
systems. As a result, the maintenance of the required limit 
ing values for the level is ensured and, at the same time, the 
number of Switching manipulations of the turbine units is 
reduced. 
The generation of electrical power by the turbine units can 

be maximized if all the turbine generator units or turbine 
generator modules are started first and only then are the weir 
systems opened. Likewise, maximization of the generation 
of electrical power is achieved if all the weir systems are 
opened first and only then are the turbine generator units or 
turbine generator modules stopped. By way of these mea 
Sures, the flow through the turbine units is maximized, 
which has a directly positive effect on the amount of power 
generated. 

It is quite particularly advantageous if, when a predefined 
turbine switching level and/or alarm level is reached, an 
alarm signal is generated and/or indicated. It is then possible 
to react directly and without any time delay to the current 
critical situation. These alarm signals can, for example, be of 
an acoustic and/or optical nature. 

If automatic Switching manipulation to start or stop tur 
bine generator units or turbine generator modules and/or the 
opening or closing of weir systems are initiated by the 
triggering of an alarm, the regulation of the level can be 
carried out automatically to the greatest possible extent 
without any operating personnel required on site. 
By drawing up predictions about levels to be expected in 

the future, and the associated opening and closing of turbine 
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generator units or turbine generator modules and/or weir 
systems by using these predictions, it is possible to react in 
a predictive way to large level changes to be expected. As a 
result, the Switching frequency of the weir systems can be 
reduced. 

If the regulation systems of the levels of a plurality of dam 
installations following one another are coupled to one 
another, and individual dam installations are regulated by a 
higher-order regulation system, in Such a way that the levels 
of these dam installations are optimized, whilst taking each 
other into account, then an optimum level can be achieved 
far beyond a single dam installation. This can occur along a 
long section of the water course. As a result, the frequency 
of starting and stopping turbine units is reduced and, at the 
same time, more uniform power generation can be achieved 
over a relatively long time period. 
A further advantageous expansion of the regulation con 

cept can be achieved if the number of turbine generator units 
or turbine generator modules to be started or stopped is 
determined in advance, and they are started and stopped at 
the same time. Then the Switching manipulations are 
required to correct the level can be carried out in one 
Sequence. 

It is beneficial to determine the number of turbine gen 
erator units or turbine generator modules to be started or 
stopped by using the current power demand and possibly 
also by using a level to be expected in the future. As a result, 
optimum utilization with regard to the power demand, the 
units, and modules is achieved. 

It is quite particularly advantageous to optimize the 
regulation systems of the levels with regard to the power 
generation. The optimization is very advantageously carried 
out with the aid of a mathematical model which, in order to 
improve the optimization results, takes account of specific 
states and boundary conditions, such as the temporary 
opening or closing of weirs, dams, sluices, and if appropri 
ate, the raising of turbine generator or turbine generator 
modules, inputs from the operating personnel, stored empiri 
cal values, physical laws, such as the amount of water 
evaporated or seeping away, and current or predictive 
meteorological data, Such as rainfall to be expected, tem 
perature predictions, etc. Furthermore, by using the math 
ematical model and taking account of the current inflow and 
outflow and/or that to be expected and the current power 
demand and/or that to be expected, the optimum number of 
turbine generator units or turbine generator modules to be 
started or stopped can be determined very advantageously. 
The set point used for the regulation is advantageously 

level over a predetermined time period, such as a year. 
The power to be generated can be predefined over a 

predetermined time range, preferably one day, and the level 
can be regulated in Such a way that the predefined power 
generation course can be maintained as accurately as pos 
sible. As a result, optimum utilization of the action of 
obtaining power is achieved whilst ensuring the actual 
function of the dam installation. At the same time, it is 
ensured by this arrangement that the resources of the dam 
installation are utilized to the greatest possible extent. 

If the levels of one or more dam installations can be 
regulated from a central control center, additional monitor 
ing and control devices on site can be saved, which has a 
very positive effect on the costs. 

If the set point for the level is predefined for a purpose 
which is not used for obtaining power, for example for ship 
traffic, irrigation, etc., the originally conceived operation of 
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4 
the dam installation is not impaired. Obtaining power is then 
an additional advantage and can be achieved without any 
restrictions on the operation. 

In practice, it can be advantageous if at least approxi 
mately 10, and preferably between approximately 20 and 
approximately 500, turbine generator units, which can be 
started and stopped, are used on a dam installation. 

It is furthermore very advantageous if the dam installation 
has a plurality of piers, between which the medium can flow 
past. A predetermined number of turbine generator units or 
turbine generator modules can be arranged between two 
adjacent piers and Supported on the piers. As a result, already 
existing structures of the dam installation can be used 
directly for retrofitting, as no complicated rebuilding work is 
necessary. 
A very compact design variant is obtained by the equip 

ment for starting and stopping turbine generator units or 
turbine generator modules being integrated in the units or 
modules and Supported on the piers by the unit or the 
module. As a result, the necessary constructional measures 
on the dam installation are also minimized. A further variant 
provides for the equipment for starting and stopping turbine 
generator units or turbine generator modules being Sup 
ported directly on the piers. 
The turbine generating units or turbine generator modules 

can be removed very simply from their operating position. 
This can occur, for example, for maintenance work or to 
open the flow cross section in certain situations, and pro 
vided Such units or modules are arranged Such that they can 
be raised and lowered. 
A quite particularly advantageous application finds the 

regulation according to the invention of the level of a dam 
installation in a drinking water reservoir, an irrigation dam, 
a flood retention basin, a dam for regulating a navigation or 
a dam station in a hydroelectric power station. 
The invention also provides for a method of regulating a 

water level of a dam installation comprising a plurality of 
turbine generator units arranged to generate electrical power, 
wherein at least some of the plurality of turbine generator 
units are arranged at least one of one above another and one 
beside another so as to form at least one turbine generator 
module, wherein the method comprises regulating, at least to 
some extent, the water level to a predefinable set point by 
starting or stopping at least one of the plurality of turbine 
generator units, wherein the regulating adjusts, in discrete 
steps, a quantity of water which can flow through the dam 
installation, and wherein a discrete step is defined by a 
quantity of water which can flow through a defined number 
of turbine generator units. 
The dam installation may be arranged on a dam. The dam 

installation may comprise a weir. Each of the plurality of 
turbine generator units may have an output which is between 
approximately 100 kW and approximately 1000 kW. 
The regulating may comprise regulating, at least to some 

extent, the water level to a predefinable set point by starting 
or stopping at least two of the plurality of turbine generator 
units. The regulating may comprise regulating, at least to 
some extent, the water level to a predefinable set point by 
starting or stopping at least one turbine generator module. 
The regulating may comprise regulating, at least to some 
extent, the water level to a predefinable set point by starting 
or stopping at least two turbine generator modules. 
The defined number of turbine generator units may be one 

turbine generator unit. The defined number of turbine gen 
erator units may be at least two turbine generator units. The 
defined number of turbine generator units may be one 
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turbine generator module. The defined number of turbine 
generator units may be at least two turbine generator mod 
ules. 

The method may further comprise operating the at least 
one of the plurality of turbine generator units at constant 
output and with a Substantially constant flow rate. 
The regulating may comprise at least one of opening and 

closing at least one weir system. The regulating may com 
prise at least one of opening and closing at least one 
additional weir system. 
The regulating may comprise starting the at least one of 

the plurality of turbine generator units when a predefined 
upper turbine switching level is reached. The method may 
further comprise, after the regulating, opening a weir system 
when the predefined upper turbine switching level is 
reached. 
The regulating may comprise starting the at least one 

turbine generator module when a predefined upper turbine 
Switching level is reached. The regulating may comprise 
opening a weir system when a predefined upper turbine 
switching level is reached. The predefinable set point may be 
an upper turbine switching level. The predefinable set point 
may be a predefined upper alarm level. 
The regulating may comprise starting the at least one of 

the plurality of turbine generator units when a predefined 
upper alarm level is reached. The method may further 
comprise, after the regulating, opening a weir system when 
the predefined upper alarm level is reached. 

The regulating may comprise starting the at least one 
turbine generator module when a predefined upper alarm 
level is reached. The regulating may comprise opening a 
weir system when a predefined upper alarm level is reached. 
The regulating may comprise starting each of the plurality of 
turbine generator units when a predefined upper turbine 
Switching level is reached, and further comprising, after the 
regulating, opening a weir system when the predefined 
upperturbine Switching level is reached. The regulating may 
comprise starting each of the plurality of turbine generator 
units when a predefined upper alarm level is reached, and 
further comprising, after the regulating, opening a weir 
system when the predefined upper alarm level is reached. 
The regulating may comprise stopping the at least one of the 
plurality of turbine generator units when a predefined lower 
turbine Switching level is reached. The regulating may 
comprise stopping the at least one turbine generator module 
when a predefined lower turbine switching level is reached. 

The regulating may comprise stopping the at least one of 
the plurality of turbine generator units when a predefined 
lower alarm level is reached. The regulating may comprise 
stopping the at least one turbine generator module when a 
predefined lower alarm level is reached. The regulating may 
comprise stopping the least one of the plurality of turbine 
generator units when a predefined lower alarm level is 
reached, and further comprising, after the regulating, closing 
a weir system when the predefined lower alarm level is 
reached. The regulating may comprise stopping the least one 
of the plurality of turbine generator units when a predefined 
lower alarm level is reached, and further comprising, before 
the regulating, closing each weir system when the pre 
defined lower alarm level is reached. 
The predefinable set point may comprise one of a pre 

defined upper turbine switching level and a predefined lower 
turbine switching level. The predefinable set point may 
comprise one of a predefined upper alarm level and a 
predefined lower alarm level The method may further com 
prise generating an alarm signal when one of the predefined 
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6 
upper and lower alarms levels are reached. The alarm signal 
may comprise at least one of an acoustic signal and an 
optical alarm signal. 
The method may further comprise starting automatically 

the at least one of the plurality of turbine generator units 
when the water level reaches the predefinable set point. The 
method may further comprise stopping automatically the at 
least one of the plurality of turbine generator units when the 
water level reaches the predefinable set point. The method 
may further comprise predicting a future water level and 
setting the predefinable set point based on the future water 
level. The method may further comprise sending informa 
tion from the dam installation to at least one other dam 
installation. The method may further comprising coupling 
the dam installation to at least one other dam installation, 
controlling each dam installation with a higher-order regu 
lation system, and optimizing a performance of each dam 
installation. 
The method may further comprise, before the regulating, 

determining the defined number of turbine generator units, 
and wherein regulating further comprises regulating, at least 
to some extent, the water level to a predefinable set point by 
starting or stopping at least two of the plurality of turbine 
generator units Substantially simultaneously. The method 
may further comprise determining the defined number of 
turbine generator units based on a current power demand. 
The method may further comprise determining the defined 
number of turbine generator units based on a future power 
demand and based upon a future expected power demand. 
The method may further comprise optimizing power gen 
eration based on the regulating. The method may further 
comprise optimizing power generation using a mathematical 
model. 
The method may further comprise determining an opti 

mum number of turbine generator units for power generation 
using a mathematical model that takes account of at least one 
of current water inflow, current water outflow, future water 
inflow, future water outflow, current power demand, and 
future power demand. The mathematical model may take 
account of at least one of a temporary opening of a weir, a 
dam, and a sluice. The mathematical model may take 
account of at least one of a temporary closing of a weir, a 
dam, and a sluice. The mathematical model may take 
account of at least one of a raised position of a turbine 
generator unit, a raised position of a turbine generator 
module, inputs from operating personnel, stored empirical 
values, physical laws, a quantity of water evaporating away, 
a quantity of water seeping away, current meteorological 
data, and predictive meteorological data, expected rainfall, 
and temperature predictions. 
The method may further comprise determining an 

expected water level of the dam installation for predeter 
mined time period, and setting the predefinable set point 
based on the expected water level. The predetermined time 
period may be one year. The method may further comprise 
determining an expected power demand of the dam instal 
lation for predetermined time period, and setting the pre 
definable set point based on the expected power demand. 
The predetermined time period may be one day. 
The method may further comprise raising at least one of 

the plurality of turbine generator units in order to open a 
flow cross-section in the dam installation. The method may 
further comprise coupling the dam installation to at least one 
other dam installation and a central control center, wherein 
each dam installation is controllable via the central control 
center. The method may further comprise determining the 
predefinable set point based on at least one of information 
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which unrelated to power generation, navigation consider 
ations, and irrigation considerations, etc. 
The plurality of turbine generator units may comprise at 

least approximately 10 turbine generator units. The plurality 
of turbine generator units may comprise between approxi 
mately 20 and approximately 500 turbine generator units. 
The invention also provides for a plant for regulating a 

water level of a dam installation comprising a plurality of 
turbine generator units arranged at least one of one above 
another and one beside another, wherein the plurality of 
turbine generator units are connected to one another and 
form at least one turbine generator module, wherein the 
method comprises a regulating system structured and 
arranged to start and stop, at least to Some extent, at least one 
of the plurality of turbine generator units. The regulating 
system is configured to adjust, in discrete steps, a quantity of 
water which can flow through the dam installation, wherein 
a discrete step is defined by a quantity of water which can 
flow through a defined number of turbine generator units. 
The dam installation may be arranged on a dam. The dam 

installation may comprise a weir. Each of the plurality of 
turbine generator units may have an output which is between 
approximately 100 kW and approximately 1000 kW. The at 
least one of the plurality of turbine generator units may be 
adapted to operate with one of a Substantially constant flow 
rate and a substantially constant output. The regulating 
system may comprise a device for opening and closing at 
least one weir system. The dam installation may comprise a 
plurality of piers between which a medium can flow past, 
and wherein the plurality of turbine generating units are 
arranged between and Supported by two adjacent piers. 
The regulating system may be integrated into at least one 

of the plurality of turbine generator units. The regulating 
system may be integrated into the at least one turbine 
generator module. The regulating system may be Supported 
on piers of the dam installation. The regulating system may 
be supported directly on piers of the dam installation. The 
plurality of turbine generator units may be capable of being 
raised and lowered. The at least one turbine generator 
module may be capable of being raised and lowered. 
The plant may further comprise a central control center 

adapted to regulate the water level of the dam installation. 
The central control center may be adapted to also regulate 
the water level of another dam installation. 

The dam installation may be arranged on a navigation 
dam. The dam installation may be arranged on a drinking 
water reservoir. The dam installation may be arranged on an 
irrigation dam. The dam installation may be arranged on a 
flood retention basin. The dam installation may comprise a 
dam stage of a hydroelectric power station. 
The invention also provides for a method of regulating a 

water level of a dam installation between an upper prede 
termined set point and a lower predetermined set point, 
wherein the method comprises starting a number of turbine 
generator units when the water level reaches the upper 
predetermined set point, stopping a number of turbine gen 
erator units when the water level reaches the lower prede 
termined set point, and adjusting the starting and stopping to 
ensure that the water level is maintained between the upper 
predetermined set point and the lower predetermined set 
point, wherein the adjusting regulates a quantity of water 
which can flow through the turbine generator units. 

The invention also provides for a system for regulating a 
water level of a dam installation between an upper prede 
termined set point and a lower predetermined set point, 
wherein the dam installation comprises turbine generator 
units, wherein the system comprises an arrangement for 
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8 
indicating a current water level, an arrangement for starting 
a number of turbine generator units when the water level 
reaches the upper predetermined set point and for stopping 
a number of turbine generator units when the water level 
reaches the lower predetermined set point, and an arrange 
ment for adjusting the starting and the stopping to ensure 
that the water level is maintained between the upper prede 
termined set point and the lower predetermined set point, 
wherein the arrangement for adjusting the starting and the 
stopping comprises one of a computer system and an alarm 
system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is further described in the detailed 
description which follows, in reference to the noted plurality 
of drawings by way of non-limiting exemplary embodiments 
of the present invention, in which like reference numerals 
represent similar parts throughout the several views of the 
drawings, and wherein: 

FIG. 1 shows a front view of a dam installation with 
turbine generator units: 

FIG. 2 shows the basic principle of the regulation accord 
ing to the invention; and 

FIG. 3 shows an extended regulation concept. 

DETAILED DESCRIPTION OF THE PRESENT 
INVENTION 

The particulars shown herein are by way of example and 
for purposes of illustrative discussion of the embodiments of 
the present invention only and are presented in the cause of 
providing what is believed to be the most useful and readily 
understood description of the principles and conceptual 
aspects of the present invention. In this regard, no attempt is 
made to show structural details of the present invention in 
more detail than is necessary for the fundamental under 
standing of the present invention, the description is taken 
with the drawings making apparent to those skilled in the art 
how the forms of the present invention may be embodied in 
practice. 

FIG. 1 shows, in schematic and simplified form, a dam 
installation 1. The dam may be, for example, a dam for 
damming a liquid, preferably water in the course of a river. 
The installation 1 has two piers 4 in this exemplary embodi 
ment. A number of turbine generator units 2, ten here, are 
arranged between the piers 4. These turbine generator units 
2 are, in this case, supported and held by the piers 4. The 
turbine generator units 2 are combined to form a turbine 
generator module 3 and, as required, can be lifted out of the 
dam installation 1 as a module by a lifting device (not 
shown). Furthermore, the dam installation 1 can also utilize 
a weir system (not shown), with which the outflow of the 
medium from the dam installation 1 can be wholly or 
partially opened or stopped. 
The turbine generator units 2 can be shut off in an 

adequately well-known manner, for example, by an intake 
pipe closure, such as, e.g., a bulkhead or an iris diaphragm. 
This can occur individually or in groups. The entire turbine 
generator module 3 can also be shut off. In this way, no water 
will be allowed to flow through the turbine generator units 
2 and consequently, no electrical power will be generated by 
these units. 

It is obvious that such a dam installation can also utilize 
more than two piers and that more than the turbine generator 
units 2 illustrated in FIG. 1 can be arranged between the two 
piers 4. In practice, it is entirely conceivable to integrate any 
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desired number of Such turbine generator units 2 in a dam 
installation 1, and preferably between approximately 20 and 
approximately 500. 

Such turbine generator units 2 can, of course, also be used 
in any desired dam installations other than those shown and 
described with regard to FIG.1. These include, e.g., drinking 
water reservoirs, irrigation dams, flood retention basins, etc. 
Of course, it is possible for the regulation concept described 
below to be used for the level of any type of dam installation. 

With reference to FIG. 2, one can discern the basic 
principle of the regulation procedure and/or process accord 
ing to the invention of the level of any desired dam instal 
lation with integrated turbine generator units 2. FIG. 2 
illustrates two graphs. The first graph shows the water level 
over the time t. The second graph shows the quantity Q 
flowing away from the dam installation over the time t. A 
target level ZP is predefined for the dam installation, for 
example, by an operator. The current water level is then 
allowed to vary within likewise predefined upper and lower 
turbine switching levels TsP, Tsp. These levels result 
from the requirements on the dam installation. For example, 
ship traffic on a river requires specific minimum and maxi 
mum water levels. Furthermore, upper and lower maximum 
levels MP, MP, which must not be violated, are also 
defined for the dam installation. These levels can be set so 
that if these maximum levels are nevertheless violated (such 
as e.g., in exceptional situations), certain emergency mea 
Sures can be initialed. Such measures can include, e.g., 
shutting off or opening further dam installations placed 
upstream, opening existing emergency sluices, lifting of the 
turbine generator units 2 or modules 3, etc. Such measures 
will, of course, depend on the particular dam installation. 

The starting point of the regulation method is a state in 
which the inflow and the outflow quantities are equal, and 
the level does not change. In this state, an arbitrary number 
of turbine generator units 2 or turbine generator modules 3 
are already open, so that a certain quantity of water Q 
already flows away through these units and electrical power 
is generated. 
At the time to the water level P of the dam installation 

1 then rises, for example, because of rainfall, starting from 
the target level ZP. At the time t, it reaches the upper 
turbine switching level Tsp. At the latest at this time t, 
automatically or by the operating personnel, one or more 
further individual turbine generator units 2 or turbine gen 
erator modules 3 are then started in order to increase the 
quantity Q flowing away. As a result, more electrical power 
will be generated simultaneously, so to speak, as a secondary 
effect. This increase in the quantity flowing away represents 
a discrete increase AQ, or a multiple thereof, and corre 
sponds exactly to that quantity of water which can flow 
through the turbine generator unit(s) 2 or turbine generator 
modules 3. Since the level P increases further, at the times 
t and t, additional turbine generator units 2 or turbine 
generator modules 3 are started. As a result, the quantity Q 
flowing away is further increased discretely by AQ or a 
multiple thereof in each case. 

This is repeated until the level falls below the upper 
turbine Switching level Tsp again. If all the turbine gen 
erator units 2 or turbine generator modules 3 have already 
have been started and the level Prises further, then further 
weir systems (which may possibly be present) can also be 
opened. As a result, the quantity Q flowing away is 
increased further. Weir systems should, in principle, be 
opened only when all the turbine generator units 2 or turbine 
generator modules 3 are already started, since the generation 
of electrical power can then (of course) be maximized. 
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10 
However, it is of course also conceivable to open the weir 
systems at an earlier time for specific reasons. 
As can further be discerned from FIG. 2, the now falling 

water level Preaches the lower turbine switching level Tsp, 
at the time tsa, at which time the converse procedure begins. 
Turbine generator units 2 or turbine generator modules 3 are 
gradually stopped, e.g., automatically or by the operating 
personnel, until the level P is again within the two limiting 
values, i.e., the upper and lower turbine Switching levels 
TsP, TsP. 
Of course, it is also conceivable to determine the required 

number of turbine generator units 2 or turbine generator 
modules 3 to be started or stopped and to open or close the 
latter simultaneously by, e.g., using the level increase or the 
level decrease, using empirical values, or using mathemati 
cal or simulation models. 
As long as the level P is within one of the two limiting 

values TsP, TSP, as a rule no Switching manipulations are 
carried out, so that the quantity Q flowing away during this 
time period remains Substantially constant. 

In this exemplary embodiment, in simplified form, only 
three turbine generator units 2 or turbine generator modules 
3 are started. In practice, however, as many as 20 or more 
individually switchable turbine generator units 2 or turbine 
generator modules 3 are integrated in one dam installation. 
Using Such arrangements, very fine regulation of the water 
level P of the dam installation can be achieved. 
When the upper or lower turbine switching levels TsP. 

TSP are reached, an alarm can also be triggered. This can 
be indicated and/or implemented, for example, in a control 
center or by way of an acoustic signal, and has the effect of 
making the operating personnel aware of the present situa 
tion. Such an alarm can also be used to trigger an automatic 
Switching manipulation procedure. 

FIG. 3 shows an extended regulation process and/or 
procedure. In addition to the limiting levels already 
described with regard to FIG. 2, an upper and lower alarm 
level AP AP can also be predefined. These levels will in 
practice lie close, for example, approximately 5 cm, above 
and below the upper and lower maximum levels MP, MP, 
respectively. 
As already described with regard to FIG. 2, the water level 

Prises from the time to and, at the time t, following two 
Switching manipulations at the times t and t, reaches the 
upper alarm level AP. The dam installation is ideally 
designed in Such a way that, at the time t, all the turbine 
generator units 2 or turbine generator modules 3 are already 
started, so that the maximum flow through the turbines, and 
therefore also the maximum power generation, has been 
reached. At the time t, in this example, an acoustic alarm 
is generated, in order, for example, to make the operating 
personnel aware of the critical level P. Of course, this 
acoustic alarm can also be coupled to an automatic Switch 
ing manipulation. Then, any weir systems, which may still 
be present, are opened. As a result, the quantity Q flowing 
away can be increased by AQ of the weir system. Then, the 
level P begins to fall again. As an additional measure for 
reducing the level P. provision can also be made to raise the 
entire turbine generator units 2 or turbine generator modules 
3. 
At the time t, the now falling level Preaches the lower 

turbine switching level Tsp. If, at this time, the weir 
systems are still open or if not all of the turbine generator 
units 2 or turbine generator modules 3 (which may have 
been raised) have been lowered into their operating position, 
then these should be closed or lowered first, before turbine 
generator units 2 or turbine generator modules 3 are stopped. 
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This will maximize the power generation. In this example, 
at the time t, a weir system is stopped first and, in the 
further sequence, at the time ts, a turbine generator unit 2 
or a turbine generator module 3 is stopped. At the time to 
the lower alarm level AP, is then reached. An acoustic alarm 5 
is in turn triggered and at least one further turbine generator 
unit 2 or one further turbine generator module 3 is stopped, 
so that the level P again exhibits a rising trend. Of course, 
if necessary, a plurality of (or even all of) the still active 
turbine generator units 2 or turbine generator modules 3 
could also be stopped simultaneously at the time t. 
The examples described above are in each case based on 

current measurements of the level or the level change. 
However, it is also conceivable to make forecasts about 
future levels, for example, by taking account of levels of 15 
dam installations located upstream, weather situations, 
empirical values, etc. and, by using these forecasts, to 
regulate the quantity Q flowing away in a predictive man 
ner by starting or stopping individual turbine generator units 
2 or turbine generator modules 3 in such a way that the level 
Plies as far as possible within the upper and lower turbine 
switching levels TsP. TsP, and, if possible, does not violate 
these levels. 

The power demand varies very greatly over a certain time 
period. For example, more power is consumed during the 
day than in the evening, or more power is consumed in 
winter than in summer. The method can then be applied 
particularly advantageously if the level P is also optimized 
with regard to the requirements, which are different over a 
time period, on the power generation. For example, over 
night all the excess turbine generator units 2 or turbine 
generator modules 3 can be stopped. As a result, the level P 
rises overnight and then, can then be dissipated again by the 
turbine generator units 2 or turbine generator modules 3 for 
the purpose of generating power, as a consequence of the 
power demand peak times during the day. 

Likewise, the level P could generally be kept at a high 
level in winter in order to be able to assist the coverage of 
power demand peaks. 

Likewise, the level could also generally always be kept to 
the maximum level, in order that the power generation is 
always as high as possible. 
The optimization can be carried out by way of a math 

ematical model of the dam installation 1, in which, if 
required, specific other boundary conditions, such as the 
temporary opening or closing of additional weir systems, 
inputs by the operating personnel or meteorological data, 
can also be incorporated. At the same time, by using the 
mathematical model as required, specific parameters, such 
as the optimum number of turbine generator units 2 or 
turbine generator modules 3 and/or weir systems to be 
opened or closed can also be determined. 

Expediently, and by way of non-limiting example, the 
levels P of one or more dam installations 1 can be regulated 
from a single central control center. For this purpose, the 
necessary data with regard to the levels P can be transmitted 
to the control center, for example, via a modem or by radio 
transmission, and Supplied to a regulation algorithm, which 
is preferably implemented on a computer. From the control 
center, the required control signals, primarily commands to 
open or close turbine generator units 2 or turbine generator 
modules 3, can then Supplied back to the dam installation(s). 
What is claimed is: 
1. A method of regulating a water level of a dam instal 

lation comprising a plurality of turbine generator units 
arranged to generate electrical power, wherein at least some 
of the plurality of turbine generator units are arranged at 
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12 
least one of one above another and one beside another so as 
to form at least one turbine generator module, the method 
comprising: 

regulating, at least to some extent, the water level to a 
predefinable set point by starting or stopping at least 
one of the plurality of turbine generator units; and 

maintaining the water level between upper and lower 
predetermined set points, 

wherein the regulating adjusts, in discrete steps, a quantity 
of water which can flow through the dam installation, 
and 

wherein a discrete step is defined by a quantity of water 
which can flow through a defined number of turbine 
generator units. 

2. The method of claim 1, wherein the dam installation is 
arranged on a dam. 

3. The method of claim 1, wherein the dam installation 
comprises a weir. 

4. The method of claim 1, wherein each of the plurality of 
turbine generator units have an output which is between 
approximately 100 kW and approximately 1000 kW. 

5. The method of claim 1, wherein the regulating com 
prises regulating, at least to some extent, the water level to 
a predefinable set point by starting or stopping at least two 
of the plurality of turbine generator units. 

6. The method of claim 1, wherein the regulating com 
prises regulating, at least to some extent, the water level to 
a predefinable set point by starting or stopping at least one 
turbine generator module. 

7. The method of claim 1, wherein the regulating com 
prises regulating, at least to some extent, the water level to 
a predefinable set point by starting or stopping at least two 
turbine generator modules. 

8. The method of claim 1, wherein the defined number of 
turbine generator units is one turbine generator unit. 

9. The method of claim 1, wherein the defined number of 
turbine generator units is at least two turbine generator units. 

10. The method of claim 1, wherein the defined number 
of turbine generator units is one turbine generator module. 

11. The method of claim 1, wherein the defined number of 
turbine generator units is at least two turbine generator 
modules. 

12. The method of claim 1, further comprising operating 
the at least one of the plurality of turbine generator units at 
constant output and with a Substantially constant flow rate. 

13. The method of claim 1, wherein the regulating com 
prises at least one of opening and closing at least one weir 
system. 

14. The method of claim 13, wherein the regulating 
comprises at least one of opening and closing at least one 
additional weir system. 

15. The method of claim 1, wherein the regulating com 
prises starting the at least one of the plurality of turbine 
generator units when a predefined upper turbine Switching 
level is reached. 

16. The method of claim 15, further comprising, after the 
regulating, opening a weir system when the predefined 
upper turbine Switching level is reached. 

17. The method of claim 1, wherein the regulating com 
prises starting the at least one turbine generator module 
when a predefined upper turbine switching level is reached. 

18. The method of claim 1, wherein the regulating com 
prises opening a weir system when a predefined upper 
turbine switching level is reached. 

19. The method of claim 1, wherein the predefinable set 
point is an upper turbine Switching level. 
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20. The method of claim 1, wherein the predefinable set 
point is a predefined upper alarm level. 

21. The method of claim 1, wherein the regulating com 
prises starting the at least one of the plurality of turbine 
generator units when a predefined upper alarm level is 
reached. 

22. The method of claim 21, further comprising, after the 
regulating, opening a weir system when the predefined 
upper alarm level is reached. 

23. The method of claim 1, wherein the regulating com 
prises starting the at least one turbine generator module 
when a predefined upper alarm level is reached. 

24. The method of claim 1, wherein the regulating com 
prises opening a weir system when a predefined upper alarm 
level is reached. 

25. The method of claim 1, wherein the regulating com 
prises starting each of the plurality of turbine generator units 
when a predefined upper turbine switching level is reached, 
and further comprising, after the regulating, opening a weir 
system when the predefined upper turbine switching level is 
reached. 

26. The method of claim 1, wherein the regulating com 
prises starting each of the plurality of turbine generator units 
when a predefined upper alarm level is reached, and further 
comprising, after the regulating, opening a weir system 
when the predefined upper alarm level is reached. 

27. The method of claim 1, wherein the regulating com 
prises stopping the at least one of the plurality of turbine 
generator units when a predefined lower turbine Switching 
level is reached. 

28. The method of claim 1, wherein the regulating com 
prises stopping the at least one turbine generator module 
when a predefined lower turbine switching level is reached. 

29. The method of claim 1, wherein the regulating com 
prises stopping the at least one of the plurality of turbine 
generator units when a predefined lower alarm level is 
reached. 

30. The method of claim 1, wherein the regulating com 
prises stopping the at least one turbine generator module 
when a predefined lower alarm level is reached. 

31. The method of claim 1, wherein the regulating com 
prises stopping the least one of the plurality of turbine 
generator units when a predefined lower alarm level is 
reached, and further comprising, after the regulating, closing 
a weir system when the predefined lower alarm level is 
reached. 

32. The method of claim 1, wherein the regulating com 
prises stopping the least one of the plurality of turbine 
generator units when a predefined lower alarm level is 
reached, and further comprising, before the regulating, clos 
ing each weir system when the predefined lower alarm level 
is reached. 

33. The method of claim 1, wherein the predefinable set 
point comprises one of a predefined upper turbine Switching 
level and a predefined lower turbine switching level. 

34. The method of claim 1, wherein the predefinable set 
point comprises one of a predefined upper alarm level and a 
predefined lower alarm level. 

35. The method of claim 34, further comprising generat 
ing an alarm signal when one of the predefined upper and 
lower alarms levels are reached. 

36. The method of claim 35, wherein the alarm signal 
comprises at least one of an acoustic signal and an optical 
alarm signal. 
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37. The method of claim 1, further comprising starting 

automatically the at least one of the plurality of turbine 
generator units when the water level reaches the predefin 
able set point. 

38. The method of claim 1, further comprising stopping 
automatically the at least one of the plurality of turbine 
generator units when the water level reaches the predefin 
able set point. 

39. The method of claim 1, further comprising predicting 
a future water level and setting the predefinable set point 
based on the future water level. 

40. The method of claim 1, further comprising sending 
information from the dam installation to at least one other 
dam installation. 

41. The method of claim 1, further comprising coupling 
the dam installation to at least one other dam installation, 
controlling each dam installation with a higher-order regu 
lation system, and optimizing a performance of each dam 
installation. 

42. The method of claim 1, further comprising, before the 
regulating, determining the defined number of turbine gen 
erator units, and wherein regulating further comprises regu 
lating, at least to Some extent, the water level to a predefin 
able set point by starting or stopping at least two of the 
plurality of turbine generator units Substantially simulta 
neously. 

43. The method of claim 1, further comprising determin 
ing the defined number of turbine generator units based on 
a current power demand. 

44. The method of claim 1, further comprising determin 
ing the defined number of turbine generator units based on 
a future power demand and based upon a future expected 
power demand. 

45. The method of claim 1, further comprising optimizing 
power generation based on the regulating. 

46. The method of claim 1, further comprising optimizing 
power generation using a mathematical model. 

47. The method of claim 1, further comprising determin 
ing an optimum number of turbine generator units for power 
generation using a mathematical model that takes account of 
at least one of current water inflow, current water outflow, 
future water inflow, future water outflow, current power 
demand, and future power demand. 

48. The method of claim 47, wherein the mathematical 
model takes account of at least one of a temporary opening 
of a weir, a dam, and a sluice. 

49. The method of claim 47, wherein the mathematical 
model takes account of at least one of a temporary closing 
of a weir, a dam, and a sluice. 

50. The method of claim 47, wherein the mathematical 
model takes account of at least one of a raised position of a 
turbine generator unit, a raised position of a turbine genera 
tor module, inputs from operating personnel, stored empiri 
cal values, physical laws, a quantity of water evaporating 
away, a quantity of water seeping away, current meteoro 
logical data, and predictive meteorological data, expected 
rainfall, and temperature predictions. 

51. The method of claim 1, further comprising determin 
ing an expected water level of the dam installation for 
predetermined time period, and setting the predefinable set 
point based on the expected water level. 

52. The method of claim 51, wherein the predetermined 
time period is one year. 

53. The method of claim 1, further comprising determin 
ing an expected power demand of the dam installation for 
predetermined time period, and setting the predefinable set 
point based on the expected power demand. 
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54. The method of claim 53, wherein the predetermined 
time period is one day. 

55. The method of claim 1, further comprising raising at 
least one of the plurality of turbine generator units in order 
to open a flow cross-section in the dam installation. 

56. The method of claim 1, further comprising coupling 
the dam installation to at least one other dam installation and 
a central control center, wherein each dam installation is 
controllable via the central control center. 

57. The method of claim 1, further comprising determin 
ing the predefinable set point based on at least one of 
information which unrelated to power generation, naviga 
tion considerations, and irrigation considerations. 

58. The method of claim 1, wherein the plurality of 
turbine generator units comprises at least approximately 10 
turbine generator units. 

59. The method of claim 58, wherein the plurality of 
turbine generator units comprises between approximately 20 
and approximately 500 turbine generator units. 

60. A plant for regulating a water level of a dam instal 
lation comprising a plurality of turbine generator units 
arranged at least one of one above another and one beside 
another, wherein the plurality of turbine generator units are 
connected to one another and form at least one turbine 
generator module, the plant comprising: 

a regulating system structured and arranged to start and 
stop, at least to some extent, at least one of the plurality 
of turbine generator units; and 

the regulating system maintaining the water level between 
upper and lower predetermined set points and being 
configured to adjust, in discrete steps, a quantity of 
water which can flow through the dam installation, 

wherein a discrete step is defined by a quantity of water 
which can flow through a defined number of turbine 
generator units. 

61. The plant of claim 60, wherein the dam installation is 
arranged on a dam. 

62. The plant of claim 60, wherein the dam installation 
comprises a weir. 

63. The plant of claim 60, wherein each of the plurality of 
turbine generator units have an output which is between 
approximately 100 kW and approximately 1000 kW. 

64. The plant of claim 60, wherein the at least one of the 
plurality of turbine generator units is adapted to operate with 
one of a Substantially constant flow rate and a Substantially 
constant output. 

65. The plant of claim 60, wherein the regulating system 
comprises a device for opening and closing at least one weir 
system. 

66. The plant of claim 60, wherein the dam installation 
comprises a plurality of piers between which a medium can 
flow past, and wherein the plurality of turbine generating 
units are arranged between and Supported by two adjacent 
p1ers. 

67. The plant of claim 60, wherein the regulating system 
is integrated into at least one of the plurality of turbine 
generator units. 

68. The plant of claim 60, wherein the regulating system 
is integrated into the at least one turbine generator module. 

69. The plant of claim 60, wherein the regulating system 
is Supported on piers of the dam installation. 

70. The plant of claim 60, wherein the regulating system 
is Supported directly on piers of the dam installation. 
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71. The plant of claim 60, wherein the plurality of turbine 

generator units are capable of being raised and lowered. 
72. The plant of claim 60, wherein the at least one turbine 

generator module is capable of being raised and lowered. 
73. The plant of claim 60, further comprising a central 

control center adapted to regulate the water level of the dam 
installation. 

74. The plant of claim 73, wherein the central control 
center is adapted to also regulate the water level of another 
dam installation. 

75. The plant of claim 60, wherein the dam installation is 
arranged on a navigation dam. 

76. The plant of claim 60, wherein the dam installation is 
arranged on a drinking water reservoir. 

77. The plant of claim 60, wherein the dam installation is 
arranged on an irrigation dam. 

78. The plant of claim 60, wherein the dam installation is 
arranged on a flood retention basin. 

79. The plant of claim 60, wherein the dam installation 
comprises a dam stage of a hydroelectric power station. 

80. A method of regulating a water level of a dam 
installation between an upper predetermined set point and a 
lower predetermined set point, the method comprising: 

starting a number of turbine generator units when the 
water level reaches the upper predetermined set point; 

stopping a number of turbine generator units when the 
water level reaches the lower predetermined set point; 
and 

adjusting the starting and stopping to ensure that the water 
level is maintained between the upper predetermined 
set point and the lower predetermined set point, 

wherein the adjusting regulates a quantity of water which 
can flow through the turbine generator units in discrete 
steps, and 

wherein a discrete step is defined by a quantity of water 
which can flow through a defined number of turbine 
generator units. 

81. A system for regulating a water level of a dam 
installation between an upper predetermined set point and a 
lower predetermined set point, wherein the dam installation 
comprises turbine generator units, the system comprising: 

an arrangement for indicating a current water level; 
an arrangement for starting a number of turbine generator 

units when the water level reaches the upper predeter 
mined set point and for stopping a number of turbine 
generator units when the water level reaches the lower 
predetermined set point; and 

an arrangement for adjusting the starting and the stopping 
to ensure that the water level is maintained between the 
upper predetermined set point and the lower predeter 
mined set point, 

wherein the arrangement for adjusting the starting and the 
stopping comprises one of a computer system and an 
alarm system, 

wherein the system is configured to adjust, in discrete 
steps, a quantity of water which can flow through the 
dam installation, and 

wherein a discrete step is defined by a quantity of water 
which can flow through a defined number of turbine 
generator units. 


